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Combining the techniques of paper prototyping and card sorting into a single session has the benefits of
helping users to understand a new technology on the one hand, and of gaining insight into the users’
mental models of that technology on the other hand. However, acquainting users with a new technology
via a paper prototype might affect their mental models, as assessed with the card sorting technique. The
aim of this paper was to explore the possibility of combining the two techniques in a single research ses-
sion. Thirty-seven users participated in a study concerning a payment system based on Near Field Com-
munication (NFC). Eight group sessions were organized, including both a paper prototyping exercise and
a card sorting exercise. The order of the exercises was alternated. The findings of this case study seem to
suggest that the paper prototyping exercise resulted into deeper insights into the participants’ mental
models resulting from the card sorting exercise. At the same time, paper prototyping seemed to prevent
participants to come up with new names for their card sorting categories.
 2012 British Informatics Society Limited. Published by Elsevier B.V. All rights reserved.1. Introduction
User-centered design is an approach for designing products and
applications based on information concerning the problems, needs,
interests and capabilities of the potential users (e.g. Norman,
1988). Essential to this approach is to explicitly focus on the users
in all phases of product development and to actively involve users
in those phases. Common research methods in user-centered de-
sign include ethnographic methods (e.g. observation, contextual
inquiry, interviews) as well as usability research methods (e.g. task
analysis, cognitive walkthrough, usability testing).
Because individual user-centered design methods usually focus
on a specific aspect of the users (e.g. a specific task, or specific user
characteristics) is quite common in user-centered design to com-
bine several methods and techniques. Approaches such as mixed
methods design or multimethod design are considered essential
to gain a complete understanding of behavior and user experience
(e.g. Morse, 2010). While such approaches usually refer to combin-
ing qualitative and quantitative research methods, combinations of
several qualitative methods can also be very useful to gain a better
insight into the users. Although combining qualitative methods
into one research project, or even into single research sessions, is
quite common practice in user-centered design research, little
is known about the mutual impact of the methods used. It isatics Society Limited. Published b
by Timothy Bickmore.
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interpret the results of the research performed. In case, for in-
stance, one method has an effect on participants’ behavior, atti-
tudes, or opinions, the results of any additional method may be
affected subsequently. In this paper we present a study that in-
cluded two commonmethods in user-centered design: card sorting
and paper prototyping. Although the study was not set up to exper-
imentally test the mutual impact of the methods used, it provides
an interesting case study to explore this mutual impact.
Card sorting and paper prototyping are two qualitative tech-
niques that are frequently applied in user-centered design and in
human–computer interaction research. Both techniques are espe-
cially useful in the design of innovative applications. Such applica-
tions often involve new and unfamiliar technologies or interaction
styles. To make sure that the user interface design of a new appli-
cation and the interaction between users and the application are
usable, it is essential to understand the users’ mental models in
an early stage of the design process and to actively and iteratively
involve the users throughout the design process.
A method that is often used to make sure that conceptual mod-
els and user interfaces of new applications match the mental mod-
els of the end-users is card sorting (Stone et al., 2005; Brinck et al.,
2002; Courage and Baxter, 2005). Card sorting allows researchers
to explore the way end-users group items into categories and con-
cepts. When performing a card sorting exercise, names of items
(e.g. menu items) are printed on cards. These cards are shuffled,
after which end-users are asked to group the cards into categories
that they consider meaningful. Subsequently, the end-users give
each of the categories a suitable name. Designers may use they Elsevier B.V. All rights reserved.
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interface design, especially with respect to the structure of the
interface menus and to terminology. In addition, card sorting pro-
vides information about which items are missing, which items
were not expected by end-users, or which items should be
renamed.
Since innovative applications often involve new and unfamiliar
technologies or interaction styles, these are typically very difficult
for end-users to understand. In order to form realistic mental mod-
els, it is essential that users thoroughly understand the new con-
cept and the consequences of its use in their everyday lives.
Moreover, it is believed that mental models consist of the user’s
knowledge of a system, resulting in a model that describes and pre-
dicts the system’s performance as expected and perceived by the
user (Jonassen, 1995). Thus, before conducting a card sorting exer-
cise, researchers need to make sure that the users understand the
potential use and impact of a new application. Or, as Rugg and
McGeorge put it (Rugg and McGeorge, 1997, p. 84): ‘‘Card sorts
require the respondent to know about the entities named on the
cards; it is not possible to use entities unknown to the
respondent’’.
An efficient technique to explain a new application to users in
very early phases of the design process is paper prototyping. Low
fidelity prototypes, such as paper prototypes, are considered an
efficient way of visualizing and communicating concepts and of
demonstrating and evaluating interactions without having to in-
vest much in technical development yet (Stone et al., 2005; Jonas-
sen, 1995; Snyder, 2003).
Typically, paper prototypes are created in the early phases of
designing and developing new applications and are used as a tool
to facilitate communication between designers or researchers on
the one hand and end-users on the other hand (Beyer and Holtzbl-
att, 1998). Paper prototypes usually are sketches of the user inter-
face design, possibly including moveable parts to represent
interface elements (e.g. buttons, windows, menus) (Benyon et al.,
2005). They allow the representation of action-oriented elements
in an interface and of more aesthetically driven aspects (Brinck
et al., 2002). As such, paper prototypes are useful to evaluate the
design with users or to test the usability of the interfaces by asking
users to carry out real-life tasks with the prototypes. In the latter
case, the users select options or actions and the researcher shows
the next interface state. Doing such tests may reveal usability
problems in a very early phase of the design process and at the
same time allows users to gain early hands-on experience with
an interface, facilitating user experience evaluation at this stage
(Reilly et al., 2005).
Combining the techniques of paper prototyping and card sort-
ing seems a promising approach for the design of innovative appli-
cations since it allows for assessing users’ mental models while
making sure that the users understand the concept of the applica-
tion thoroughly. As a result of using this combination of tech-
niques, more realistic mental models may be assessed than using
card sorting alone. On the other hand, a possible disadvantage of
this combination of techniques is that presenting users with a pa-
per prototype could affect their mental models. When sorting the
cards, users might simply copy the model of the application that
was presented to them in the form of the paper prototype, instead
of forming their own mental models. In that case, the results of a
card sorting exercise following a paper prototype exercise do not
represent the mental models of the users, but rather those of the
designers who created the prototype in the first place. Very little
research has been reported showing such an influence of paper
prototyping on card sorting, except for some case study descrip-
tions (e.g. Spencer (2009) described card sorting results that were
influenced by a previous usability test (p. 12)). Therefore, it is
important to understand the influence of explaining new applica-Please cite this article in press as: Slegers, K., Donoso, V. The impact of paper p
dx.doi.org/10.1016/j.intcom.2012.05.005tions to users via paper prototypes on the formation of users’ men-
tal models.
The aim of this paper is to explore the effect of explaining a new
application to end users by means of a paper prototype on the re-
sults of a subsequent card sorting exercise involving elements from
that new application. In the study described here, the order of the
paper prototyping exercise and the card sorting exercise was
manipulated in test sessions with end-users. By alternating this or-
der between groups of users, the mental models of users who had
been presented with a paper prototype could be compared to men-
tal models of those users who had not.
1.1. Context: Near Field Communication mobile payment
The test sessions were organized within the framework of a
project in which a Near Field Communication (NFC) mobile pay-
ment application was developed (Slegers, 2008a,b). NFC is a wire-
less communication technology that enables the exchange of data
between devices over a distance of about ten centimeters (Ortiz,
2010). Increasingly more mobile phones are equipped with NFC
technology, allowing for the use of the mobile phone for services
such as wireless payment, ticketing, and smart posters. The appli-
cation that was used in the current study runs on a mobile handset
that connects to a cash terminal via NFC when the two devices
touch.
The scope of the payment application is on vouchers, and in par-
ticular on so-called ‘‘meal vouchers’’. Meal vouchers are commonly
issued in Belgium by employers to compensate for the fact that no
free-of-charge meal is offered in a corporate restaurant. For both
employers and employees, meal vouchers offer certain fiscal
advantages. Meal vouchers typically have a value in the range of
5–10 Euros and employees receive one voucher for each working
day every month. Meal vouchers can be used to pay for food in
many food stores and restaurants. Each month, in combination
with the meal vouchers, employees also receive a number of dis-
count coupons for several products.
The research that was conducted for the development of this
new NFC meal voucher application followed a user-centered de-
sign approach. This was done for two main reasons. The first rea-
son was related to the fact that a completely new application
was developed. Such a completely new application allows design-
ers to ensure a close match between the users’ needs on the one
hand, and the functionality, usability and user experience of the
application on the other hand. In addition, it provides an opportu-
nity for creating a solution to the problems users experience with
the current paper meal vouchers. The first phase of the user-cen-
tered design research aimed at assessing the users’ needs and cur-
rent problems and included interviews, observations and co-
creation sessions. The results of this first research phase have been
described in [Removed for anonymous review].
A second reason for following a user-centered design approach
was the fact that most potential end-users of the new mobile pay-
ment application are still very unfamiliar with NFC-technology or
with touch-based interactions. Therefore, when designing such a
new application, it is important to thoroughly understand the
users’ mental models of such technologies and interactions. The
aim of the second phase of the user-centered design research, of
which the study described in this paper was a part, was to under-
stand the potential end-users’ mental models of NFC technology in
general and of the concept of the NFC-enabled meal voucher in
particular. For this purpose, a card sorting exercise was conducted.
This information about the mental models resulting from this exer-
cise would be used as input for the user interface design of the NFC
meal voucher application.
In the first research phase of the project we learned that users
had difficulties to understand the concepts of NFC technologyrototyping on card sorting: A case study. Interact. Comput. (2012), http://
Fig. 1. Example of paper prototype mock-ups.
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many participants found it hard to understand how their meal
vouchers could be transferred to a shop via a mobile phone. They
wondered where the vouchers would actually be stored. Also, par-
ticipants who were not familiar with wireless communication
were reluctant to believe that a mobile phone could really commu-
nicate with a cash terminal just by touching the two devices. Be-
cause of these difficulties, it was decided to communicate the
concept to the participants in later research phases in the form
of a paper prototype. This prototype served two goals. First, it al-
lowed for the demonstration of the concept of the application on
both a functional level an on the level of the look and feel of the
application. Second, in addition to explaining the NFC meal vou-
cher concept, the paper prototype could also be used to evaluate
the usefulness of the concept and both usability and user experi-
ence aspects of the prototyped interfaces in a very early research
phase. The paper prototype was based on the original conceptual
model of the NFC meal voucher as well as on the insights that were
gained about the users’ needs and current problems.
The set up of the study described above was not aimed at struc-
turally and experimentally testing the mutual impact of the two
research methods used. However, the approach towards communi-
cating a concept and assessing users’ mental models in a single ses-
sion allowed us to explore the combination of paper prototyping
and card sorting. As a result, this paper provides a case study with
preliminary insights into the mutual impact of two qualitative re-
search methods.
2. Methods and materials
2.1. Participants
Thirty-seven Belgian meal voucher users participated in the
study, 22 women and 15 men. The participants did not know each
other before the study. All participants had ample experience with
using mobile phones. The mean age of the participants was
39 years (ranging from 26 to 65 years). Participants received an
incentive for their efforts (a gift voucher of €30 for a 2-h session).
2.2. Material
For the card sorting exercise, each feature and user action that is
represented in the NFC meal voucher concept was printed on a
card, 63 cards in total. For the paper prototyping exercise, paper
mock-ups of the interfaces (both of a mobile handset and of the
cash terminal) were created (see Fig. 1 for an example of a paper
mock-up of the mobile handset). The Nokia 6131 (NFC-enabled)
phone was used as a model for the mock-ups. Each menu and each
feature from the concept that appeared on the cards was repre-
sented in the interface mock-ups and vice versa.
The paper mock-ups were designed with a sketchy look. While
showing the main features of the application to the participants,
such a sketchy design allowed for emphasizing that the application
was far from finished, giving the participants ample opportunity to
criticize and provide feedback. Or, as Buxton (2007), p. 113 puts it,
‘‘Sketches are intentionally ambiguous, and much of their value de-
rives from their being able to be interpreted in different ways’’.
The mock-ups were based on the conceptual model of the NFC
meal voucher, that was created after the users’ needs and current
problems with meal vouchers were identified in the first research
phase. The mock-ups of the mobile application consisted of an
‘‘NFC meal voucher’’ menu, which was listed in the handset’s main
menu. The NFCmeal voucher menu had five submenus. The ‘‘Over-
view’’ menu provided the balance of the meal vouchers and dis-
count coupons in possession. Also, details of individual meal
vouchers and coupons could be requested (e.g. individual value,Please cite this article in press as: Slegers, K., Donoso, V. The impact of paper p
dx.doi.org/10.1016/j.intcom.2012.05.005date of expiration, discount amount). Options to save and delete
specific meal vouchers or coupons could be found in the ‘‘Options’’
menu, which was a submenu of the Overview menu. The ‘‘Trans-
fer’’ menu allowed users to send meal vouchers or coupons to
someone else, either via SMS or via NFC (by touching two hand-
sets). A menu called ‘‘History’’ provided users with a chronological
overview of all transactions of meal vouchers and coupons. Finally,
via the ‘‘Settings’’ menu, users were able to set notifications in case
meal vouchers or coupons would expire soon. All menus except for
the History menu provided the information and options for meal
vouchers and coupons separately.
2.3. Procedure
Four persons at a time participated in a two-hour session (in
some cases only three participants showed up). Each session
started with a short high-level introduction of the concept of the
NFC meal voucher by means of the presentation of a storyboard.
This storyboard was projected on a large screen and consisted of
illustrations of a person using the NFC meal voucher. The story-
board included the main actions a user could perform with the
NFC meal voucher application: receiving new meal vouchers and
coupons, checking the meal voucher and coupon balance, paying
with meal vouchers and coupons in a supermarket. The illustra-
tions showed the context, the user actions, and the information
on the mobile phone screen.rototyping on card sorting: A case study. Interact. Comput. (2012), http://
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ipants had to perform two exercises: a paper prototyping exercise
and a card sorting exercise. The paper prototyping exercise was
done in couples to facilitate co-discovery, and therefore more nat-
ural and productive thinking aloud comments (Wilson, 1998). The
couples performed the paper prototyping exercise in two separate
rooms and were accompanied by a researcher. The card sorting
exercise was done with the whole group, resulting in one set of
sorted cards per group. The choice for doing the card sorting exer-
cise with the whole group rather than individually was made to
facilitate thinking aloud and discussions during the exercise, which
is believed to yield more information about the sorting procedure
(Robertson, 2002; Maurer and Warfel, 2004). In half of the sessions
the participants first did the paper prototyping exercise, followed
by the card sorting exercise (PP–CS condition). In the other ses-
sions, the card sorting exercise was followed by the paper proto-
typing exercise (CS–PP condition).
In the paper prototyping exercise, the participants were asked
to act out everyday tasks with the mock-ups (e.g. spending meal
vouchers in a food store, checking the balance of their meal vouch-
ers, viewing the transfer history). Each of these tasks was described
on a single sheet of paper. The researcher manipulated the mock-
ups so that the actions that the users performed while acting out
the everyday tasks were followed by the appropriate system re-
sponse. Participants were encouraged to discuss and think aloud
while performing the tasks, which allowed the researchers to
understand their opinions of the concept and the interfaces.
For the card sorting exercise, the cards were shuffled and put on
a table in one single stack. Participants were asked to sort the cards
into what they felt were meaningful categories. When they fin-
ished sorting the cards, they were asked to give an appropriate
name to each category. Again, participants were stimulated to dis-
cuss and think aloud. None of the groups was specifically asked to
create a menu structure for the NFC meal voucher application.
Groups were allowed to leave out cards of items they did not con-
sider important.
2.4. Analyses
To analyze the results of the card sorting sessions, the analysis
process suggested by Spencer (2009) was followed. Photos were
taken of the final categories of the card sorting sessions. Of each
group, the structure (main categories, subcategories and the cards
assigned for each of the categories) was subsequently recorded in
an MS Excel file.
In addition to the recordings of the card sorting structures, two
researchers observed the card sorting exercises and took notes of
the procedure and the discussions between the participants. One
researcher observed each paper prototyping session. Notes were
taken of both observations and of participants’ remarks and sug-
gestions for improvements. The researchers kept track of elements
in the interfaces that caused errors or problems. All notes were fur-
ther analyzed by means of affinity diagramming, a method which
is used to sort large amounts of data into clusters and themes (Be-
yer and Holtzblatt, 1998).
The structures of the PP–CS groups were compared to those of
the CS–PP groups and to the structure of the original NFC meal
voucher concept that was also used in the mock-ups for the paper
prototyping exercise. If the paper prototyping exercise had influ-
enced the mental models of the participants in the PP–CS groups,
the structures of these groups were expected to match the struc-
ture of the original concept more closely than the structures of
the CS–PP groups would, since these groups had not seen the
mock-ups yet at the time they did the card sorting exercise. The
differences between the structures in both conditions were ex-
plored on three levels: the content of the card sorting structuresPlease cite this article in press as: Slegers, K., Donoso, V. The impact of paper p
dx.doi.org/10.1016/j.intcom.2012.05.005(the items that were combined in specific categories), the process
of creating the card sorting structures and the naming of the card
sorting categories.
3. Results and discussion
The results are discussed for each of the three levels of analyses
mentioned above. A summary of the groups that were created by
all PP–CS groups and all CS–PP groups is presented in Table 1.
3.1. Content of the card sorting structures
In the PP–CS condition, the four groups created ten categories
that were exact copies of menus as they appeared in the paper pro-
totyping mock-ups (the grey cells in Table 1). In the CS–PP condi-
tion, five categories were created that exactly matched one of the
menus as it appeared in the original NFC meal voucher concept.
When including exactly matching subcategories that were created
by the groups that separated meal voucher and coupon categories,
a total of nine exact matches were created.
Although the number of card sorting categories that exactly
matched menus from the original NFC meal voucher concept did
not differ much between the PP–CS condition and the CS–PP con-
dition, there were some differences with respect to the content
of the categories made in each condition. First of all, the categories
that exactly matched menus of the original NFC meal voucher con-
cept were not entirely the same in both conditions. In the PP–CS
condition, almost all groups (except PP–CS4) copied the Transfer
and the Settings menus, while this was not the case in the CS–PP
condition. In this condition however, almost all groups (except
for CS–PP1) created matching categories for the Overview menu.
Differences that were observed for the remaining, non-matching
categories related to the mock-up’s menus, however, seemed
small, suggesting only minor structural differences between the
conditions. Most of the categories that were created during the
card sorting exercise were created by groups in both conditions.
Some categories were split up into two or three subcategories
or were combined with items from other menus into higher-level
categories. This however did not seem to occur more often in
one condition than in the other, and the splits and combinations
of both conditions were quite similar in most cases. In five occa-
sions, the PP–CS groups split items that in the original concept
were combined in a single menu into two or three categories. In
addition, the PP–CS groups combined items from several of the ori-
ginal menus into single categories twice. In the CS–PP condition
such combinations occurred twice, plus three times for coupons
only and once for meal vouchers only.
In summary, based on the number of matches between the card
sorting categories and the original NFC meal voucher concept in
both conditions, we cannot conclude that doing the paper proto-
typing exercise caused any differences in mental models. On the
other hand, there were some differences between the two condi-
tions with respect to the categories that were made. These differ-
ences might suggest some structural differences between the two
conditions.
3.2. Procedure of the card sorting exercise
The most noticeable procedural difference between the two
conditions that was observed was the fact that participants in
the PP–CS groups had more detailed discussions about why certain
cards belonged to one group and not to another. Such discussions
were also observed in the CS–PP groups, but these discussions
were mostly focused on the meaning and relevance of the cards.
A second procedural difference between the groups was
that participants in the PP–CS groups linked the cards and therototyping on card sorting: A case study. Interact. Comput. (2012), http://
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and menus (for instance, one participant said: ‘‘I’m trying to think
of the menus of my mobile phone right now, that structure exists
already, perhaps we should build on that.’’). Although none of the
groups were specifically instructed to group the cards into catego-
ries resembling menu items, participants in PP–CS groups sponta-
neously referred to the menus from the paper prototyping mock-
up and ways to improve them (as illustrated by one of the partic-
ipants: ‘‘I would find it easier if the meal voucher and coupon set-
tings were combined into one menu, at the beginning, just as we
saw in the paper handset’’). In none of the groups it was observed
that exact copies of menus of the original concept were deliber-
ately made. That is, none of the groups copied a menu of the
mock-up explicitly in order to replicate the mock-up’s menus in
the card sorting exercise. References to handset menu items were
hardly observed in the CS–PP groups.
In sum, the PP–CS groups seemed to have more detailed discus-
sions, that provided more insights into the motivations of the par-
ticipants for grouping certain cards together, and thus into their
mental models. In addition, the PP–CS groups appeared to think
about the cards in the card sorting exercise in more concrete terms
(i.e. mobile phone menus) than the CS–PP groups did, without
explicitly replicating the structure of the paper prototyping exer-
cise. That is, the card sorting exercise with the participants who
had experimented with the paper prototype before was much
more focused on the specific design of the concept.
3.3. Naming of the card sorting categories
In the PP–CS groups, names of menus as they appeared in the
paper prototyping mock-up were used nine times. All groups cop-
ied the Transfer menu and also named this category ‘transfer’. The
Settings menu was also copied frequently, by three of the four
groups (all except PP–CS4), all three copying both the content
and the name of the menu in the category. Furthermore the names
‘Overview’ and ‘History’ were used once each (by PP–CS1 and PP–
CS2 respectively). When other names were used, often similar
terms were chosen: ‘admin’ (PP–CS1), and ‘manage’ (PP–CS4) for
the Options menu, ‘info’ (PP–CS4) for the Overview menu. In case
of splitting up items into multiple categories, appropriate names
were chosen that reflected the functions of the items (e.g. ‘save’
and ‘delete’ for the options to save or delete meal vouchers and
coupons (PP–CS2 and PP–CS3), or ‘received’ and ‘spent’ for rele-
vant History menu items (PP–CS1)).
In the CS–PP groups, participants were not able to copy the
names of the mock-up menus because they had not seen the
mock-ups yet. Nevertheless, the names ‘Overview’ (CS–PP2 and
CS–PP3) and ‘History’ (CS–PP4 and CS–PP3) were used twice each.
The name ‘Settings’ was used once in an almost identically named
category called ‘extra settings’ (CS–PP3). Other names that were
chosen often had identical meanings as the mock-up menu names
(e.g. ‘trading’ (CS–PP1) or ‘transactions’ (CS–PP3) for items from the
Transfermenu). Aswas the case in the PP–CS condition, when items
from a singlemenu in the original concept were split up intomulti-
ple categories, appropriate names were chosen (e.g. ‘sending’ and
‘spending’ for separate subcategories of Historymenu items related
to sending and spending meal vouchers or coupons (CS–PP2)).
To summarize, with respect to the naming of the card sorting
categories it was found that in the PP–CS condition, more of the
categories matching one of the mock-up menus were given iden-
tical names than in the CS–PP condition. This was not surprising,
as the CS–PP groups had not seen the paper prototype mock-ups
yet. Apparently, the participants who had seen the paper prototyp-
ing mock-up before doing the card sorting exercise remembered
some of the menu names and used these names for the categories
they created in the card sorting exercise. As was mentioned in therototyping on card sorting: A case study. Interact. Comput. (2012), http://
6 K. Slegers, V. Donoso / Interacting with Computers xxx (2012) xxx–xxxprevious section, it was never observed that PP–CS groups were
explicitly replicating menus from the mock-up in the card sorting
exercise. Rather, the menu structure of the mock-up was rede-
signed to improve the structure.
4. General discussion and conclusion
The main goal of this paper was to explore whether the mental
models of users who had been introduced to a new, unfamiliar
technological application by means of a paper prototyping exer-
cise, would differ from the mental models of users who had not
done such a paper prototyping exercise first. The mental models
of users were assessed by means of a card sorting exercise. Half
of the users had done a paper prototyping exercise before the card
sorting exercise, the other half had not. Differences between the
mental models of users in both conditions were assessed on three
levels: the content of the card sorting structures, the procedure of
the card sorting exercise and the naming of the card sorting
categories.
Although the results of this study should be interpreted with
caution due to its limited scale and exploratory setup, the case
study described in this paper resulted in some preliminary insights
regarding the combination of the methods of card sorting and pa-
per prototyping. First of all, regarding the content of the card sort-
ing, the mental models of participants who had done the paper
prototyping exercise differed from the models of participants
who had not done this exercise. However, the mental models of
the participants who did the paper prototyping exercise were not
found to match the mock-ups used in the exercise more closely
than the mental models of the participants who had not done
the exercise. In other words, we have no reason to assume that par-
ticipants simply copied the model of the application presented in
the form of a paper prototype instead of forming their own mental
models.
Second, on a procedural level, the paper prototyping exercise
may have had a positive effect on the subsequent card sorting
exercise. Moreover, gaining hands-on experience with a paper pro-
totype before doing a group card sorting exercise lead to more dis-
cussion between participants and subsequently to more insights
into the card sorting categories (e.g. motivations for grouping cer-
tain cards together) and thus into deeper insights into the partici-
pants’ mental models.
Finally, the findings of this research may suggest that the paper
prototyping exercise in the current study also had an effect on the
level of naming of the card sorting categories. The groups who had
done the paper prototyping exercise showed a larger tendency to
use the menu names they remembered from the paper prototyping
exercise in the card sorting exercise. Thus, it seems that familiariz-
ing participants with the application mock-ups did not motivate
them to think about names that they considered suitable for the
categories.
Some aspects of the setup of the current study may have influ-
enced the findings that were presented in this paper. For instance,
in both conditions, most of the categories that were created closely
matched the menu structure of the mock-up, which was only pre-
sented to the PP–CS groups. This may imply that the structure of
the mock-up already closely matched the mental models of the
participants of this study. Since the original NFC meal voucher con-
cept was based on the findings of earlier user research, this is a
possibility. In extreme cases, when the structure of a prototype is
an exact match of users’ mental models, no differences would be
found between participants who have seen the prototype and
those who have not seen the prototype. However, in the current
study many differences were found. Although the differences con-
cern details rather than major issues, the prototype used did not
exactly match any of the mental models of the groups of partici-Please cite this article in press as: Slegers, K., Donoso, V. The impact of paper p
dx.doi.org/10.1016/j.intcom.2012.05.005pants suggesting that the original concept did not already com-
pletely match the users’ mental models.
A second aspect that may have influenced participants’ mental
models is the fact that all groups were presented with a storyboard
explaining the concept of the NFC meal voucher. Even though the
explanation might have had an impact on the participants’ mental
models, this explanation was identical for each group. As a result,
the explanation itself did not have an effect on the differences be-
tween the mental models of participants in both conditions.
In addition, the fact that both the paper prototyping exercise
and the card sorting exercise were done in groups rather than indi-
vidually, may have led to a phenomenon called ‘group think’.
Although the researchers who moderated the card sorting sessions
paid special attention to equal contributions to the sorting process
by each of the participants in order to prevent a group think bias
uncontrolled influences between participants’ mental models
may have occurred. It might even be argued that since mental
models refer to individual psychological constructs, doing card
sorting exercises in groups is not the correct approach towards
assessing end-users’ mental models. However, several studies
(e.g. Buxton, 2007; Robertson, 2002) suggest that doing card sort-
ing in groups leads to better insights into the sorting procedure.
Since gaining such insights was one of the aims of the research
phase that the current study was a part of, group card sorting exer-
cises were preferred over individual card sorting exercises. Future
research specifically aiming at studying the mutual influence of pa-
per prototyping and card sorting may benefit from organizing indi-
vidual sessions rather than group sessions.
Finally, the research described in this paper was both very
exploratory and highly qualitative by nature. Although this study
resulted in interesting findings with regard to combining the
methods of paper prototyping and card sorting in user-centered
design research, more studies should be conducted to verify these
findings on a larger scale and in dedicated experimental set ups.
To conclude, the findings of this case study suggest that doing a
paper prototype exercise to familiarize participants with a new
technological application does not prevent participants from form-
ing their own mental models. Moreover, doing a paper prototyping
exercise before doing a card sorting exercise may result in deeper
insights into the participants’ mental models which is useful for
(re)designing application interface structures. Therefore, we be-
lieve that combining the techniques of paper prototyping and card
sorting is indeed a promising approach for the design of innovative
applications. On the other hand, when the goal of a card sorting
exercise is specifically aimed at improving the terminology used
in an interface, doing a paper prototyping exercise may have a neg-
ative influence, as participants are less inclined to think about
appropriate names for the card sorting categories.Acknowledgements
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